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PRELIMINARY TANK TESTS WITH PLANING-TAIL SEAPLANE EULLS

By John RH. Dawson and Kenneth L. Wadliln
SUMMARY -

Preliminary tests have bsen made with simplified
models of two typnes of hulls that differ consgliderably
from conventionel types. In both of the new tynes there
18 a single main planing surface that i1s combined with
aftor-plaring surfaces Dlaced directly below the aerody-
namic tail surfaces. One typo has twla-tell exte=nsions
supporting the planing surfaces and the other has a
slogle~tall exlension.

The type of hull that hag twin talls can be arrenged
in such a manner tuat the alr drag proradly could du made
lower than that of the squivalent corveaiional hull, al-
though at the expence of lncrcas9d weter reglstence. Tho
structural vprotlems inmherent in tho arrangemwvnt may,
however, be prohibitive.

The type of hull that has a singlo va2il is found to
glve lower registance than conventional hullg and hes
desirable trim charmcteristics. Iandicatlous are that the
stability charscteristlics would be matigfactory.

Hulles with planing talls, however, have high trimg
at rest, have less rcom for useful lcad aft of the center
of gravity than conventional hulls, end introduce restric-
tions on the types of tall surfaces that may be uged.

INTRODUCTION

Existing types of seaplane floats and kulle are
Probably capabie of being developed to a much higher de-
gree of efflciency than hag yet been achieved. It isa
possible, however, that other types can be made to meet
some of the current requirements c¢f eircreft more effec-
tively than 4o the conventional types of floats and hullsg.
For some time the WACA has been engaged in research on



hydrofoils and their applications to seaplane hunlls.
Arrangenents of plenling eurfacos other than those usvally
uged may rlso bs found to have merit. Pwo such syatems.
ar> conslidered herein and the results of some preliminary
teats that were mado at ¥ACA tank no. 2 in March 1943

ere given.

ARRAGEMENTS CONSIDERED

A geaplano hull that guvperted its load primarily by
displacement of the water throngkout the teke~off run
would have far too much rssistznce to be practicable. The
weight of the soeplAns musgt then be supported largely ty
dynanic 1ift from the weter in 211l bt tie low-sgpeed part
of the take-off run. If thig lift is obtained vy planing
surfaces, 2 miniium of two surfsaces (one running aft of
the other) is requirod in order to get satisfactory trims.
Lateral stabillity can be obtained by makiag one of the
planing gsurfeces sufficlently wlcde, or by adding another
purfece, displacod laterally. TFour planing gurfacas are
uvsually used.

In a fiying-boat hull or a single-float ssaplane,
the planing surfaces are tho forcbody, the afterivody, and
elther gide floats cr astub-~wing stabilizers. Twio-flosat
ard twin-aull sesplanses each has fonr planing surfaces,
tke forebodies and afferbodies of each of tl.e two hullsg.
Barly float seavienes had a to*al of three plening sur-
faceg or gtenless floats, two mair floats And a tall float
thet were uscd 1n an arrangcment similar to the mArrange-
mont of the lending gear of a landnlane.

Other arrangements of planing gurfeces cen be wmade
to perform all the functions of the usual flost system,
but the effectiveness of such altermateg wllil largely de-
vend on how the surfaces aro lncorporated into the sea-
plans.

The errangement ghown ip figure 1 has a total of
three planing surfaces provided on the bottomae of the
main hull and the twvo side fuselages. It 1y apvarent
that a large amount of spray throwr by the main plaring
gurface will strike the side fuselages and cause some in-
creage ln regiestance. The torsional load applied %o the
wings by the tall planing surfaces ia undesirable from a
structural standpoint and 1f these planlng surfaces are



spread far enough to provide adequate lateral stadility,
the structure that will be required by the center asction
of the wlng may be too heavy to be practicable. There
at1ll may be some merlt in the arrangement even 1f gide
floats or studb-wing ptabilligers are required to give ad-
ditional latersl gtability, especlally because such an
arrangement offers pome possibility of reduclng the air
drag of a geaplans.

One linmitetion in the reductiocon of the air drag of
a seaplane has been the necesglty for keeping the propel-
lers clear of wspray. This necesgsity has cauged hulls to
be bPullt deeper than would be needed for other reguire-
ment g. The larger the geeplane the legas serlous this
limitatlon becomes vPecruse the diameters of propellers
do not 1lucrease in direct ratio to tke size of the craft
and, for equal oporcting conditicng, heilsghts of wavesg do
not lncreage at all, The arrangement sghown 1in flgure 1
includes & ratlier radicnl schume for minimizing thise
difflculty. The propellors are located forward of the
bow whare there will be almost no spray from the main
hull and, because this configuretinn caun bu nade so that
tha trim wlll be reasonably higk throughout taeke-offs
and landings as well as at rest, tiie provmellers will be
cloar of the water even thougn the wing 1s close to the
water. Thie locatlor of the propellers adds more torsion-
al loads to the wing snd it would almost certalinly be
necegsary to drive the propellers through long shafts
from engires located aft. As a matter of fact, inaamuch
as difficulty would undoubtedly be experlenced in gotting
the center of gravity far enough back in the corfilgura-
tion ghown, placing the engines ag far aft as feasible
would be deslrable.

A somewhat less radical arrangement ig ghown 1in filg-
ure 2. In thig scheme two planing surfaces are provided
on & single hull. Thie arrangement resembles a conven-
tionel hull witk the planing vart of the afterbody removed.
The after planing gurface is supplled by properly shaping
the bottom of the tail extension. The treiling edge of
the forebody 1is shown pointed in plan form because of
aerodynamic conslderations, although bhydrodynamically thie
pointed plan form is rnot necessary. In this case the tail
planing gsurface would have to ride in the wake of the
forebody and the effectiveness of the planing surface
would depend on 1ts being properly located with reapect
to the high roackh that normelly follows a forebody.




It mighkt be poaeidla to eliminate the planing sur-
faces on the tails in either of the schemes proposed by
substituting a hydrofoll somewhat 4in the manner sghown ina
flgure 2. Hydrofoils 1n general lead to serious st=bility
provlems and it ig difficult to judge Just how practicable
thoy would be 1f used in this manner. Anparently, it
would be feasible to retract these hydrofoils Lecause they
would carry a relatively smali portion of tha total load
on the huli aund would therefore te rcasonatly small. Ro-
tracting thess hydrofolle during teke-off wounld probabdly
be dosirable becaugs their 1ift wonlid not be ncsded in
the high-gpeed portisn of the tcke~off run and their re-
tractlion vwould lucreese bthe range of stable trimg that
would bas avallable. Tail hydrofoils migat comceivably be
mada controllavlie, in which case thoy wonld act as water
elevators to provide trim coastrol.

Float systvems simllar to t:-ose described may have
btseu actuzlly uged in the warly days of svistion, but in
any cese an examination of them in the lighkt of present-
day requirementis of seaplanes seemg desirable.

TLS5TING PRICEDURE

The .ezperirental work that vas done wes very prelim-
inary 1a rature becauge of the limited time avnilaple for
teating. The tests were irtended primarily to eramine
tho feasibillty of the arrangements guggested and to get
enongk date to permit tke leying out of a mors compreken-
glve test program. Fo tests were maade wlth h;"drofoils.

The lires of the modelg thet wure teogted are ghnown
in figures 3 to 5. These modalg wers ssgcmbled from parte
of other nodels that wers availeble and tre glmnle forms
uged gavo rather crude representations of the arrengements
of figures 1 and 2.

41l the tests were made at consgtant spesds. The load
on the models was applied by desd weights in accordance
with the loadlag curve given 1an figure 6, except with two
of the foretodles for which additional tests were made for
other loadlng conditions in order to svaluate the loads
carried by thon.

Free-to~trinm snd fixed-trin tegte were made; trim,
trimming moment, draft, ané resistance were msagured imn
accordance witn staudard prectice at the WACA tanks.




Tests wore made with one of the models to determine
critical trims for longlitudinal gtebility and thege tests
woere madoe by the method described in refereance 1. The
tall gurface used 1n the tests of reference 1 wds elso
uged for the teats reported herein.

RESULTS AXD DISCUSSION

Inveatigatioﬁ of Twin Planing Taills

The arrangement shown in figure 3 (designated model
1500-1) wes assembled frox two models of plde floats com~
bined with a model of an exlisting bPody. Because the
after planliag surfaces were supplled by floats that were
relatlvely short compared to the length available from
aide fuselagos, they dld not provide a true representation
of the teil plening esur’aces at low ampeasdsg wvhere the bows
of the slde floats could Pe siruck head-on by heavy water.

Talg model was tegted free to trim but the data ob-
tained were affected go much by the dissirilarity vetween
the model and the aschems of flgure 1 that it 1g believsud
their pregentation here would be more confugsing than help-
ful. Tho registance rogse to ar extremely bigh peak before
the normal hump speod was reached, becauge of tho manner
in vhich the vows of thu gide floats dug into theo water -

a peak thet would aot be expected had the side planing sur-
facog beoer a vart of B continuvous fugelage running very far
forward. At the normal hump gpeed the side floats provided
a gufflcient crea of planing surface to permit thsir bows

to rige clear of the water'!s gunrface. Tkroughout the whole
gspeed range the resglstance was higher than would be ob-
tained from a conventionel hull and, although this was
largely cauged by the short length of the gide floats, there
were lndicatlong that in general this type of hull would
have higher than normal resistance.

Invegtigatlion of Slngle~Planing Tail

Model 180D-2.- An spproximation of the scheme ghown 1n
flgure 2 wag made by agpenbling with the forebody of model
160C-1 e long V-bottom box to form modsl 1&80D-2, as shown
in figure 4. Tests were first made with the tall 3 inches
lower thar shown 1n the figure, but the trims obtained
were too smell and the model was altered to the configura-
tion phown. The results from the tegts with thig model




are showvn in flgure 7 where the free-to-trim reslgtance
is compared -with the minlimum resigtance of the hull of a
conventionsl flying boet (designated hull A) that ig ren-
regentative of current deglgn. Tho reslstances ars com-
pared on a basls of equal beams for both kulls; that 1is,
at the game load coefficlents.

The aigher regigtance obtained from model 160D-2
wvag belleved to be lergely das to the fact that it nhad a
less efficlent forevody. The forebody was therefore test-
ed witkout the maftertody at two loading conditiors and,
by & comparison of the drafte, tke load thet the forebody
was carrying during the tests of the complete model wes
eabimated. That vortica of the resistance that wes con-
trivuted by the foretody was then doerived ty interpolation
of thu resigtance curves of the forevody. The resulits are
gshown in figure 8 where tho load-resistance ratios (A/R)
of the forebody ané the coxpleto model are cownared. It
is evideant from these curvos that the forebody had con-
giderably lower velues of A/R than did the complete
model. The indicatlicneg are that the higher reaistance of
model 160D-2 was largely dne to tkhe inefficlent forebody.

Model 160F-1 - resistance.~- In order to ovtelin vetter
replatarce characterigtics than tlhose cf model 1G60D-2,
model 1608-1 was assombled. (Yee fig. 5.) The planing
surface provided as a forsbody for thls model 1p extrerely
efficient avd 1t 1s believed that beccuse of itas pointed
tralling edge it can be incorporated into a hull that
will haeve a lower alr drag than a hull uging a plaaniag
surface with a sguare tralling odge. Thig modal wes tesgt-
ed froe to trim ard at sufficlent fixed trims to determine
approxirately the minimum resistance curve. The resuits
are showvn in figure 9 vhere ths resisvancs 1s coxmrarcd
with tket of hull A at the same load coefficlenis. Only
in the hlghast part of the speed range dil the free-to-
trim resistance of model 150E-1 depart sufficlently from
the minimun registance to wverrant the inclusglon of the
winimum resistance curve herse.

The hump resistance of model 18603-1 waen free to trim
was conplderatly less tlean tie mirlmum hump registence of
the conventional fliying-boat hull. At speeds juat beyond
the huump, hull 4 ted a slightly lover resistance. The
minimum reglstance of model 180E-1 in thlg reglon was not
greatiy different from that of hull 4, but the resistance
ig rot usually critical in thig speed rarge. At high
gapeeds, model 160E~1 had lesg reslstance than hull A.




. In figure 10 the load~resistance ratios of the fore-
body of model 160E-1 and the complete model are compared.
The- curve- for the forebody wae obtained in the same manner
uged to get the E ratlios of the forebody of model
160D-2. At the hump speed the values of A/R for both
the forebody and the complete model are conglderabdly
greater than those that have been obtalned 1n the NACA
tanks from any conventional flylng-boat hull at the load
coefficlent tested. The forebody is less efficlent than
the afterbody except 1n a narrow range near the hump gpeed.

The low resistance obtained at the hump 1is believed
to be largely duse to the efficiency of the forebody that
wvag useed. Tho forebody of a prectical flying boat cennot
be made this efficie.t because the bow must be shaped for
seaworthinress and clean running without increasing exces-
sively the length of the fcrebody; the curved buttocks
that result from thegse recuirements produce a gurface
that 1ig inferi.r for planing to one with straight duttocks.

4t high speeds, however, the reduction 1n reglstence
ls an inherent characteriastic of the hull with a planing
teil. The resistance of a converntional flying-bcat hull
in this region 1s ugually incremssed bty "afterbody inter-
ference," a couditlonr in which the afterbody is struck by
gpray from the forsbody 1in such a wmanrer that resistsnce
ig added without a ccmparable incresse ian 1lift. This con-
dition comld nsl be obtained with model 16CE-1 and at high
speeds when the trim was increased urtil the tail came
into the water (at ambout 79 trim) the tail epctsd as & very
effective planing surface.

The reglstance of the planing surface uged as A fore-
body 1n thege tegts 1g coupared in figure 11 with that of
a planing surface that has a square trailing edge. In the
curve for the surface with a square trailing edge the alr
draz of the model (obtained from tare measurements) has
been added to the values of resistance taken from refer-
ence 2 1n order to make them comparable to those of the
present tegts. Although the methodeg used 1n correlating
the two tynes of planing stvrfaces are sudbject to some in-
accuracles, flguire 11 indicates that, other things belng
equal, there should be no arpreclable penalty in reglist-
ence resulting from the use of a forebody with a polnted
stern.

Trim end trimming moment.~ The trimg obtalned 1n the
free-to-trim tests (fig. 9) varied over a small renge up
to speseds of avout 34 feet per second and for most of thls




reglon they were cloese to the trim for minimum reslstance
of both the compleve model and the foredbody. At speeds
beyond 34 feet per second the trim decressed rapidly.
When the model was at rest the trim was determined by the
relatlon hetween the conter of gravity and the buoyarecy
of the gubmerged parts. At the hump spsed the tall rode
on the high roach that followed the forebody and it was
the Lelght of thls rcach thst ¥ept the trim down. As the
speed was increased., the roach moved aft urtil its crest
was bealind the model and the tail rode on the forward
gslope of the roach thus csusing tne trim graduslly to iun-
creacee. The trim continuned to lacrease with gpeed up to
30 feet ner socord at which point the tail was riding on
the water shend of the romch. The decrease iz trim asfter
thlg was caused by tks plening characterisgtics of the
forabody, the regulitent forcas vector of the forebody moved
aft until it paeced throngh the center of gravity, and
tne tail raturally clearsd the vwatesr at that speed.

In figure 12 the trimming momants of model 18CE-1
erd hull A ars compsred at egual losd coefficients. The
carves show thet for & giver range of availebple coatrol
moments a greatsr range of trimeg could be obtained with
hull A then with model 150E-1. It is significant, howsever,
that in tue case of model 1i60%~-1 the trims for minicum
rogistanzce 1lis in the range or trims for which the trim-
ming moments of model 160E-1 eare small. Hct only world
the rilot ©te able to hold guch m hull at its best attitude
but, over & considerable portion of the teke-off run, he
wo1lié bte preveuted from trimming the craft at trims greatly
different from thig attitude.

Longitudinel ptabilily.- The results of the attemdt
to deteramine the longitudinal stability limits for model
160k-1 are given in figure 13 wrere the complete curve for
the lower limit of stability is shown together with as
much of the upper 1limit ar could be obtained with the
facllities that were available. Becrmuse low-aagle
porpoising is 2 phenomenon pecullar to a single planing
gsurfece, thisg type of 1instability doeg mot occur until
the model reaches a speed et which the tail is clear.
With model 150Z-1 the tail did not e¢lear until utout 75
percent of get-eway speed wes revached. The afterbody of
a conventional kull with o ginzilar speed coefficient at
goet-away would normally clear the water at approxlmately
50 percent of get-away speed. Although the occurrence of
low-angle porpolging in model 160E-1 was thus poetponed
until a relatively high speed wes reached, the lower trim




limit was rather high. The tendency for a planlng surface
of thig type to have & lower trim limit thet ies higher
than ugual was elgo fowund in reference & and this tendency
1s belleved to be characteristic of planing surfaces the
.traniling cdges of which have plan formg similar to that of
model 160E-1.

Because of the extremely large trilmming moments re-
quired to lncreagpe trim when the tail of the model was in
the water, & determination of the upper limit of gtebllity
wag not feaslble except in the very highest part of the
speed range. (See fig. 1¥.) Although the gimplified
model (no wing or power, indefinite moment of inertia, etec.)
would probebly not indizate the motion that would be ob-
tained in an actval flying boat, 1t 18 notable that when
porpoieging did occur st tke high trimg 1t wag very mild,
the model usually oscillating unc aore tham 1/2° in trim.
Attempts to increass the severity of this motlion by arti-
ficlaully distu:ving tke model were unpuccessful. The up-
per limit was found to be practically the same when deter-
rined by increasing the trim until an unstable reglon wae
reached or by decrsasing the t-ivx from this roglon until
the nodel tecame stalle agsin. Because of the very large
trimming moments that wonld bs regquired to reach the crit-
1cal trim, it is doubted that high-argle porpolsing could
be obtained in en actiual flying boat with thlsg type of
hull except nsar get-sway epeed.

Insufficient depth of step has been tlhe cause of &a
form of longitudinal instability encountered in a number
of Tlying-boat degizgns. This instadbility usually occurs
et high aspeeds and is particularly noticeable in landings.
The planing-tail hull could, of course, not have this
difficulty.

Directional stability.- No tests were made specifi-
cally to check the directional stadility. Models with the
cugstomary pointed afterbtodies have, howevear, usually shown
e tendency to be directionally unstable in the low-gpéed
ranze when tested with the towing gear used in the present
tests and this tendency has been found in the full-sisze
aircraft. Although nrnodel 160E-1 ran stable in direction
throughout the tests, difficulties with directional sta-
bility may limit the region in which the chines can be
removed from the tail.

Directional ingtability has algo been found at high
spesds in conventional flying boats in both take-offs and
landings. It occurs when the trim is low and hence when
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the weti{ed length ahead of the center of gravity is long.
Lowv-trim landings are made in order to avoid longitudinal
ingtability (in gome cases due to shallow steps). Low-
trim take-offs are made for the same reason and algo to
avoid the hlgh resirtance caured by sprey striking the
afterbody. It 1g belizvcd that if flying boats are so
made thet there i1s no reason to avold reesonably high
trimeg, lendings and taxe-offs will habitually te made at
higher trims end directional instability at high gpeed will
be genorally reduced. A hull having the charactaristics
of model 160E-1 could be taken off or landed stadly at ap-
proximately 7° trim with minirum resigtance. Perhaps with
thisg type of hull landings at even higher trimsg would bve
adventageous; the tall vould thus te set down first or
simultaneously with the forebody. The feasibility of this
typo of landing would depend on the longitudiral-gtadbility
cheracteristice of the seaplane as well as on the loads
impoged on the structure of the tail.

Sorey.~- The forebody of uodel 160E-~1 carried s gmaller
proportion of the total load than is carried bty the fore-
body of & conventioral hull. UTifferences ia spray tkhrown
by the forebodles of thic typoe of hull end the usual type
sbould then »e in favor of the plaring taill if there were
no difforencos in trimg. The higheor trimg inherent at low
gspeeds in a hull with a planing tall ghould reduce the
poagibilitles of apray trouvles in this regilon.

¥ mignt be expectel that the teil surfaces on placing-

tail hullg would be subject to more sorsy than tancee 02
counventlonal hulls and spray conslderations might limit the
reglon ir which the chlnes could be removed from the tall.
Twir vortical fins would probably be impraciicable oa a
hull of this type, but it 1s telieved that 1f & single ver-
tical fir were uged, no great difficulty would be expsri-
enced in locatlng the tail surfacec 1ln on eflfective Dosgi-
tion at which they would be reasonabdly clear from the spray.
Mauy conventional flyiung Poats pass through a rezion in
witich the roach gtrikes the tzil, and under svch ccnditionsg
t would probably be vetter for the roach to striice a plan-
lng surface as in model 180E-1 than to strlke the rounded
tail extensions conmronly used.

Potentlaelitlieg Izdicated by Testia

Taln planing tajilg.- The informetlon odtained from the
testes of the model simulasting the arrangement with twin
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planing talls wes too meager to be of much sesistance in
evaluating the popsitilities that it may have. The testa
indicate that such an arrangsment would probably have m
higher .water registance than a.conventional hull but, if
it could te designed to give lower alr drag, the incresaged
resistance would be acceptable in a craft deglgned for
high performance where considerable power would be avail-
able for teke~off. The gtructural problems involved will
provably determine the feasibllity of thisg arrangement.

flngle planing tell.- The tests indicate that the
hull with a esingle planing tall may provide some definite
inprovements over the conventional flying-boat bull.

It ie evparently possible to design a flylang-boat
hull of tihie type that wlll heve all of the following de-
sirable characteristics:

l. Hump resiestance at least es low a3 that of a con-
ventlonal ktull having & comparable forebody

2. RepgigtAauce at high gpecds appreciably less than
can bte obtvained from a conventionel hull

b, Regtricted depertures from tae trims for minimum
regiestance throughout the first part of the take-ofi run

4, Trirsg for minimum resistence obtaiusble with rea-
sonable control moments in the last part of the take-off
run

b. Sveed at whizch low-angle vorpoiesing begiung gruetoer
thkan is found 1a conventlional hulls

6. Blimination of difflculties of the types that re-
quire ventlilstlon of the step to remedy then

There are indicatlons that it may also be possible
to degign guch a hull with the following characteristics
in additlion to those ligted above:

1. High-gngle-porpolsing characteristics imrroved

2. Bow gpray at speede below the hump improved

4. Directional-stability characteristics improved

4. A glmplification 1a the technigue of piloting in
take-offs and landings
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Proper adjustment of the provortions of & hull of
thig type eshould make it posslible to effect desired im-
provements with no more gacrifice in other gualities than
lg ueually made in the compromiges that obtain in the de-
slgn of a huli. XFor instance, au increase 1a the upper
trie limit for longitudimal stablllty could be obtained
by elthor moving the taill up or making it ghorter. If
the tali were moved up the trim would be increaged at all
speeds at which the tail ig in ths wator (in particular
at the humrp speed). Whetkher the hump resistance would
thus bPe lncroased or decreased would depexd on ths value
of the best trim for the forebody at that epeed. Best
trim for a forebod; cnanges little with load when the
ratio of lozd coefficlent to Forebody length 1g smell dut
increageg rapnidly with load when thilg ratio is large. In
taoe case of tlhe models tested the trim at the hump speed
wag gevoral degrees less than that normally obtained. If
the upner limit were moved uvp by shortening the tail, the
trim at the hump speed would not necessarily be apprecia-
bly increased, but the speed at which low-angle porpolising
could gtart would be decreassd.

Reasgonabie changes 1n the tail, however, would not
affect the high-gpeed resgistence ae do sirmilar changes in
the afiertody of a conventional hull.

Some dissdvantages in the planing-tail hull are ap-
perent. Tne following are some of the disadvantages that
may te found:

1, High trimg at rest (The difficulties that would be
euncountered vocause of this festure are no worse than thosgs
peculiar to a laandplene %ith a conventiorsl lsnding gear,
tut they would perhaps be more of a disadvantage because
seaplanos are frequently left moored during high winds. It
would, of course, be possible to provide inflatable tail
supports to hold the tail up whea the geaplane ig moored.)

2. Structural difficulties that may bs caused by the
great distmance from the center of gravity at which the
water loads would be appliied to the tail

$. Difflculty in disrosing of weights so that the
center of gravity would be sufficlently fsr aft (Thig dif-
ficulty would be more pronounced in gmell geaplanes than
in laerge ones, because in large seaplanes tho tail would
be deep enough to be usable for cargo or personnel.)
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4. Restrictionsg in the design of tall surfaeces be-
cauge of thelr proximlty to the water

b. Varlations in water performanée with.chéﬁgéé in
load that might be greater than normal because of varila-
tlong in the he}ght of the roach on which the tall rides

6. An increase in the trlm at which low-angle porpols-
ing can occur (unless the forebody were made without the
pointed stern, 1n which case the air drag would probadly
be increased)

Thore 1g probadbly no single improvement more desired
for seaplanes than a reduction in alr drag. The limited
tosts that wers made glve insufflciont data on which to
bage & decslgn study. Congequently, an esgtimation of the
al- drag of a plaaing-tail hull as compared with that of
a corventional hull is difficult. No doubt the potentlal-
itieg of this type of hull in this respect will be largely
determined by tbhe amnount of filletimng that can be intro-
duced between the forebody and tall and by the dlistance
aft that the chineg can be elimlnated.

Turther ezperiments.- FTurtker exploratory tests are
provided for in a prograr toat includes the lnvestigation
of the arrangement having twin talls and the feesibillty
of gubstiltuting hydrofoils for the tall planling surfeces
in both the single- ard the twic-taill arrangenents.

Systematlc experiments to determine the effect of
changing the variousg parameters that are peculisr to the
afterbody of the hull with a single tell are also planned.
In this program the vertiscal locetlion, the length, the keel
angle, the plan form, and the -.cross sectlon of the after-
body willl be varied. The gtability characterlstics of
the besgt configurations will then be investigated by
teptilng dynamic models.

CONCLUSIONS

From a conslideration of the prodlems involved and
from the data obtained in the tegts that were made, the
followlng concluslons are drawn:

l. The arrangement using the twln planing talls can
poagelbly be mnged to advantage in the desizgn of a high-
performance geaplane 1n which low ailr drag 1s the _
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predominant congideration; the gtructural problemg involved
are, aowever, difficult and may lmpose serlous linitations
on the practicablllty of the arrangement. The water re-

sistence will probably be greater for thlis arrangement
than for a conveantlonal hull.

2. The arrengement heving a single planing tail may

prove to ©e ungeful because there are indications that 1it
can be made to give:

(a) lLess reslstance than ig obteined from a conven-
tional hull

(b) Degirable trims throughoat take-off
(c) satisfactory stability characteristics

3. Hullg with planing talls have the following char-
acteripgtlics that limit their ungefulness:

(a) High trims at rest

(b) Less room for useful load aft of tkre center of
gravity than is found in convemntional hulls

(c) Restrictions in the types of tail surfeces that
may be uged

Largsley Hemorisl Aeronautical Laboratory,

National Advlsory Commlttee for Aeronauticas,
Langley Field, Va.
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